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Summary
Background:  The  use  of  antibiotics  is  considered  a  major  determinant  of  the  devel-
opment  of  resistance  in  organisms.  This  study  assessed  current  patterns  of  antibiotic
prescription  and  provides  background  for  quality  improvement  in  general  hospitals
in  Hubei,  China.
Methods:  A  point-prevalence  study  was  performed  in  November  2008.  All  inpatients
on  the  day  of  the  survey  were  included  in  the  analysis.
Results:  On  the  day  of  the  study,  6904  patients  (56%)  were  receiving  antibiotic  ther-
apy;  the  highest  rate  occurred  in  the  ICU  (90%),  and  the  lowest  occurred  in  the
medical  wards  (39%).  The  most  commonly  used  antibiotics  were  -lactam  antibiotics,
including  cephalosporins  (40%)  and  piperacillin  (19%),  followed  by  ﬂuoroquinolones
(14%).
Conclusions:  Our  data  indicated  a  high  rate  of  antibiotic  use  in  Chinese  hospitals.
These  ﬁndings  suggest  important  areas  for  intervention  and  the  implementation
of  antibiotic  stewardship  policies  in  Chinese  hospitals.  A  multi-faceted  strategy
should  be  implemented  at  the  national  level  in  China  and  should  include  education,
regulation,  and  greater  ﬁnancial  support  from  the  government.
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Introduction
Antibiotic  resistance  is  increasingly  prevalent
throughout the  world  [1,2].  The  universal  evolu-
tion of  antibiotic  resistance  poses  a serious  threat
to the  health  of  patients  because  as  it  results  in
increased morbidity  and  mortality  [1,3,4]. More-
over, very  few  new  antibiotics  that  have  interfered
with this  alarming  trend  have  become  available
within the  last  three  decades.  Therefore,  there  is
an urgent  need  to  preserve  the  currently  available
drugs.
The use  of  antibiotics  is considered  a major
determinant of  the  development  of  resistance
[5].  Unfortunately,  inappropriate  antibiotic  use  has
become a  serious  public  health  concern  all  over
the world  [6,7].  The  misuse  of  antibiotics,  e.g.,
excessive  and  inappropriate  antibiotic  use,  might
result in  a  minimization  of  the  ‘lifespan’  of  antibi-
otic drugs  and  therefore  limit  available  treatment
options. Hence,  reducing  unnecessary  antibiotic
use is  a  public  health  priority  all  across  the  world
and has  been  taken  examined  in  recent  years  by  the
many governments,  including  the  Ministry  of  Health
of the  P.R.  China.  Situations  of  inappropriate  antibi-
otic use  and  the  rates  of  antibiotic  resistance  are
growing  rapidly  from  already  high  levels  in  China
[8—11].
Surveillance  of  antimicrobial  use  in  hospitals
is important  for  identifying  prescribing  trends  to
identify areas  for  improvement.  Point  prevalence
surveys are  a  practical  surveillance  tool  for  pro-
viding  information  about  antimicrobial  use  and  for
assessing the  effects  of  interventions  such  as  antibi-
otic policies.
In this  study,  we  present  the  results  of  a  large-
scale survey  that  was  conducted  in  November  2008
in Hubei  Province,  China.  The  objectives  of  this
research  were  to  describe  current  patterns  of
antibiotic  prescription  and  to  discuss  strategies  for
improving the  current  situation  using  our  results  as
a background.
Materials and methods
Hospitals
This  point  prevalence  survey  of  antibiotic  use
was conducted  at  hospitals  in  Hubei  Province  in
November  2008  and  was  initiated  by  the  Surveil-
lance Centre  of  healthcare-associated  infections
(HAI) of  Hubei  Province.  There  are  48  Grade  Three
Class A  general  hospitals  in  Hubei  Province,  and  13
of these  were  voluntarily  involved  in  the  survey;
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hese  hospitals  were  located  in  Wuhan,  Shiyan,
ichang, Xiangyang,  Xiaogan,  Jingzhou,  and  Jing-
en in  Hubei  Province.  In  the  Chinese  health
ystem, hospitals  are  subdivided  according  to  size;
.e., grade  One  (1—100  beds),  grade  Two  (101—500
eds), and  grade  Three  (>501  beds).  Grade  One
nd Two  hospitals  primarily  provide  basic  services
nd health  protection,  whereas  grade  Three  hos-
itals are  referral  centers  for  additional  care  and
nvolve  medical  teaching  and  research.  Hospitals
n each  grade  are  then  divided  into  three  classes,
.e., the  A  class  hospitals  are  the  best,  the  B
lass are  better,  and  the  C  class  hospitals  are
eneral, according  to  medical  standards,  hospi-
al management,  availability  of  certain  equipment
nd whether  medical  research  is  performed  [12].
n total,  there  were  5  university-afﬁliated  hos-
itals and  8  regional  hospitals,  and  more  than
3,000 sickbeds  for  adults  and  children  in  these
3 hospitals  (the  numbers  of  sickbeds  ranged  from
01 to  2000).  These  hospitals  admitted  approxi-
ately 330,000  patients  per  year.  These  hospitals
ll provide  acute  and  general  medical  and  surgical
ervices and  are  the  top  general  hospitals  within  the
ocal region.  The  clinical  departments  were  divided
nto  the  following  5  groups:  departments  of  internal
edicine  (comprising  respiratory,  gastroenterology,
ardiology, endocrinology,  hepatology,  nephrol-
gy, hematology,  and  neurology),  departments  of
urgery (comprising  general  surgery,  cardiac  and
erebral surgery,  neurosurgery,  orthopedics,  urol-
gy, plastic  and  burn,  oncology,  obstetrics  and
ynecology),  pediatrics,  ICUs  and  others  (compris-
ng Chinese  traditional  medicine,  dentistry,  ears,
ose and  throat  [ENT]  medicine,  ophthalmology  and
ermatology).
ata collection
he  point  prevalence  surveys  were  conducted
y the  teams  consisting  of  an  infection  control
rofessional and  2—3  veteran  clinical  physicians,
ho collected  speciﬁc  information  regarding  the
atients  who  were  in  the  hospitals  at  08:00  on  the
ay of  the  survey.  During  the  point  prevalence  sur-
ey, which  lasted  for  1—2  days,  the  team  members
isited patients  and  reviewed  their  medical  records
n the  wards.  The  team  members  were  captained  by
he infection  control  professionals  who  controlled
he quality  of  the  data.  The  required  data  were
athered by  reviewing  the  patients’  case  notes  and
rescribing  charts.  The  data  collected  included
etails about  the  numbers  of  inpatients  in  each
epartment,  the  patients’  ages,  the  antimicrobial
gents used,  the  routes  of  administration,  and
he indications  for  therapy.  Each  team  performed
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urveys  on  3—4  wards.  All  of  these  infection  control
rofessional staff  was  trained  for  more  than  16  h
t the  Surveillance  Centre  of  HAI  of  Hubei  Province
wo weeks  before  the  surveys,  and  all  of  the  team
embers of  each  hospital  performed  survey  skill
xercises  for  over  8  h  prior  to  the  surveys.  All
urveys were  guided  by  the  directors  of  the  depart-
ents of  hospital  infection  control  within  these
ospitals, and  the  directors  were  also  responsible
or providing  methodological  assistance.  This
tudy was  reviewed  and  approved  by  the  Ethics
nd Health  Research  Review  Committee  of  Taihe
ospital, Hubei  University  of  Medicine.
tatistical analyses
e  used  frequency,  percentage  and  95%  conﬁ-
ence intervals  (CIs)  to  describe  the  proportions
f patients  who  received  antibacterials.  Between
roup differences  were  considered  signiﬁcant  when
he p-value  was  below  0.05  (two-tailed)  based  on
he chi-square  test.  The  statistical  analyses  were
erformed  with  SPSS  version  13.0.
esults
tudy population
 total  of  12,409  patients  were  included  in  the  13
ospitals in  2008.  Six  thousand  nine  hundred  and
our (56%)  were  treated  with  antibiotics,  of  whom,
873 (56%)  were  male,  and  3031  (44%)  were  female.
he median  age  was  44  years  (Table  1).
ntibiotic use
n  the  day  of  the  study,  6904  patients  (56%)
eceived antimicrobial  treatment,  and  there  were
igniﬁcant  differences  in  prevalence  across  the
3 hospitals,  which  ranged  from  38%  to  66%
2 =  327.33,  p  <  0.0001).  The  university  hospitals
3960/6588, 60%)  exhibited  higher  rates  of  antibi-
tic use  than  did  the  regional  hospitals  (2944/5821,
1%), and  this  difference  was  statistically  signiﬁ-
ant (2 =  113.80,  p  <  0.0001).  The  treated  patients
eceived a  total  of  8682  antibiotics.  Of  these
atients, 5263  (76%)  patients  used  one  antibi-
tic, 1478  (21%)  patients  took  two,  and  163  (2%)
atients  took  three  or  more.  The  patients  in  the
CUs (60  [90%])  were  more  likely  to  receive  antibi-
tics than  were  the  patients  in  the  pediatric  wards
605 [78%]),  surgical  wards  (3121  [55%]),  or  medi-
al wards  (1870  [39%])  (2 = 561.28,  p  <  0.0001).  Six
housand two  hundred  and  ninety-three  patients
p
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72%)  used  antimicrobial  agents  to  treat  infec-
ions, and  2289  (28%)  used  them  prophylactics
Table  1). Of  the  total  prescribed  antibiotics,  55%
ere prescribed  in  the  surgical  departments,  fol-
owed by  27%,  11%,  6%,  and  1%  in  the  medical,
ther, pediatrics,  and  ICU,  departments,  respec-
ively (Table  2).
outes of administration
n  this  survey,  a relatively  higher  usage  (n  =  8514,
8%) of  parenteral  antibiotics  was  observed  com-
ared to  oral  antibiotic  use  (n  =  168,  2%);  Variations
n the  use  of  parenteral  vs.  oral  antibiotics  were
bserved  in  the  studied  hospitals  (Table  1).
ntibiotics prescribed
he  most  commonly  used  antibiotics  were  -
actam  antibiotics,  including  cephalosporins  (3495,
0%), piperacillin  (1622,  19%)  and  other  -
actam antibiotics  (414,  5%).  The  usages  of
rst-generation  cephalosporins,  second-generation
ephalosporins,  third-generation  cephalosporins,
nd fourth-generation  cephalosporins  were  3%,  6%,
6% and  4%,  respectively.  The  other  most  widely
rescribed antibiotics  were  ﬂuoroquinolones  (1216,
4%) and  metronidazole  (805,  9%).  Cephalosporin
nd penicillin  were  the  antibiotics  that  were  most
requently  used  in  the  surgical,  pediatric  and
CU wards.  Moreover,  cephalosporin  and  ﬂuoro-
uinolones were  the  most  frequently  used  in  the
edical  wards.  Different  trends  in  antibiotic  use
ere observed  across  the  specialities  that  were
tudied  (Table  2).
iscussion
oint  prevalence  surveys  might  be  beneﬁcial  for
ptimizing  antibiotic  therapy,  monitoring  the  effec-
iveness of  antibiotic  policies  and  providing  useful
ata on  patterns  of  antibiotic  use;  thus,  such
tudies  inform  and  guiding  local  and  national  antibi-
tic stewardship.  We  conducted  this  large-scale
oint prevalence  survey  of  antimicrobial  use  at  the
atient level  in  hospitals  in  the  Hubei  Province.  This
tudy provides  insight  into  antimicrobial  prescrip-
ion practices  in  the  middle  area  of  China.  Although
ntibiotic resistance  is  a worldwide  concern,  it  is
rimarily a local  problem  because  the  spread  of
esistant  microorganisms  occurs  in  individual  hos-
itals and  communities  [13]. The  objectives  of this
esearch were  ﬁrst  to  describe  the  current  pat-
erns of  antibiotic  prescribing  in  Grade  Three  Class
 hospitals  in  the  middle  area  of  China  and  second
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Table  1  Patients’  characteristics  and  prevalence  of  antibiotic  use  in  13  hospitals  in  Hubei  Province,  China.
Characteristics  Hosp.  A Hosp.  Ba Hosp.  C Hosp.  D Hosp.  E Hosp.  F Hosp.  Ga Hosp.  H Hosp.  Ia Hosp.  J Hosp.  K Hosp.  La Hosp.  Ma Overall
Number  of  hospitalized
patients
410  699  663  736  1335  475  1563  590  1162  674  938  1298  1866  12,409
Number  of  treated
patients
155  428  316  379  613  315  988  245  599  442  479  800  1145  6904
Median  age  of  treated
patients,  years
(interquartile  range)
58  46  57  40  40  42  41  53  46  43  48  37  43  44
37—72  28.5—60  44—72  25—61  19—57  23—58  25.5—56  33—68  29—63  21—55  34—62  13—52  30—57  27—59
Gender
Male  79  257  154  201  369  178  575  136  376  257  239  432  620  3873
Female  76  171  162  178  244  137  413  109  223  185  240  368  525  3031
Number  of  prescribed
antibiotics
187  568  316  471  780  410  1391  297  599  743  650  1125  1145  8682
Route  of  administration
Oral  3  3  5  24  9  2  7  16  14  1  17  39  28  168
Parenteral  184  565  311  447  771  408  1384  281  585  742  633  1086  1117  8514
Indication
Infection  154  495  213  344  628  336  966  181  416  495  475  1010  680  6393
Prophylaxis  33  73  103  127  152  74  425  116  183  248  175  115  465  2289
Indication  for  prophylaxis
Medical  22  65  89  94  94  61  314  68  187  220  151  28  341  1734
Surgical  31  52  75  109  149  57  365  117  106  176  129  156  402  1924
Indication  for  infection
Community-acquired  116  426  116  240  493  272  663  83  264  330  335  900  354  4592
Hospital-acquired  38  69  97  104  135  64  303  98  152  165  140  110  326  1801
Departments  (n/N)
Medical  66/249  88/253  113/327  104/307  154/484  78/180  256/619  68/186  164/433  126/282  154/407  174/404  325/605  1870/4736
Surgical  65/131  219/350  126/262  142/286  255/647  128/185  496/742  95/190  251/520  177/260  220/431  351/611  596/1066  3121/5681
pediatrics  12/17  26/31  21/27  41/56  77/106  25/28  36/40  20/35  59/93  66/73  30/35  130/146  62/86  605/773
ICU  0/0  4/4  9/10  6/9  9/9  2/2  9/10  0/0  5/5  5/5  0/0  5/6  6/7  60/67
Others  6/13  33/61  23/37  62/78  65/89  63/80  100/152  51/179  72/111  27/54  34/65  52/131  40/102  628/1152
a University hospital.
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Table  2  Trends  in  antibiotic  prescription  in  13  hospitals  in  Hubei  Province,  China.
Antibiotic  prescriptions  Departments  Indication  Overall
Medicine  Surgery  Pediatrics  ICU  Others  Infection  Prophylaxis
Penicillins  355  657  447  12  152  934  689  1623
Penicillin  G 70 144  99  3  42  200  152  352
Mezlocillin  66  111  80  6  24  147  151  298
Amoxicillin/sulbactam  105  174  112  2  39  253  202  455
Piperacillin/sulbactam  60  120  88  1  20  176  131  307
Others  54  108  68  0  27  158  53  211
Cephalosporins  981  1857  370  34  253  1715  1780  3495
First-generation
cephalosporins
57  165  39  0  42  144  159  303
Second-generation
cephalosporins
110  284  89  2  71  240  316  556
Third-generation
cephalosporins
699  1235  195  22  131  1145  1137  2282
Fourth-generation
cephalosporins
115  173  47  10  9  208  146  354
Other  -lactam  antibiotics  137  233  14  3  27  224  190  414
Aminoglycosides  49  100  1  0  0  74  76  150
Fluoroquinolones  462  717  1  10  26  725  491  1216
Glycopeptide  antibacterials  19  31  2  4  1  41  16  57
Macrolides  28  8 11  0  0  36  11  47
Lincosamides  10  140  17  2  12  82  99  181
Metronidazole  90  651  45  5  14  313  492  805
Others  185  382  79  6  42  402  292  694
In  total  2316  4776  987  76  527  4568  4114  8682
ICU, intensive care units; others, comprising departments of Chinese traditional medicine, dentistry; ENT [ears, nose and throat],
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o  determine  targets  for  improving  the  quality  of
ntibiotic  prescribing  in  these  hospitals.
In  our  survey,  the  point  prevalence  of  antibi-
tic use  in  the  13  hospitals  was  56%,  which  is
igher than  the  prevalence  reported  in  previous
tudies that  were  conducted  in  European  coun-
ries (ranging  from  29%  to  43.9%)  [14—18].  Similar
o another  survey,  the  intensive  care  department
xhibited the  highest  proportion  of  treated  patients
ho often  received  more  than  one  agent  [18].  The
eason for  this  ﬁnding  is  that  the  indication  for
nfection was  more  frequently  included  in  these
atients’  notes  (73.6%),  and  the  rate  of  such  indi-
ations  was  lower  than  that  found  in  the  ESAC
PS 2009  survey  (80.8%)  [18]. The  high  prevalence
f antibiotic  use  in  hospitalized  patients  might  be
elated to  speciﬁc  factors.  Therefore,  strengthen-
ng the  training  of  medical  staff  is  an  obvious  and
mportant  step  toward  the  rational  use  of  antimi-
robial  drugs.  However,  education  alone  will  is  not
ufﬁcient.  In  the  health  system  of  China,  state
nancing only  accounts  for  approximately  25—30%
f the  total  costs  [19].  Inevitably,  through  the
oor compensation  of  doctors  and  the  expectation
hat hospitals  support  themselves  largely  through
f
(
[
Arug  sales,  government  policies  have  encouraged
he over-prescription  of  expensive  drugs  and  have
iscouraged  quality  assessment  and  improvement
xercises [20]. Understandably,  physicians  might
verprescribe  if  they  view  such  practices  as  fea-
ible path  by  which  to  ensure  their  own  economic
eneﬁt. Sales  proﬁts  form  a  major  portion  of  hos-
ital incomes;  thus,  national  guidance  about  the
se of  antibiotics  has  generally  been  fragmentary
nd incomplete  [9]. An  audit  study  suggested  that
ntibiotic  abuse  in  China  is  not  driven  by patients
ctively demanding  antibiotics  but  is  rather  a
upply-side  phenomenon  [21].
In the  present  study,  the  most  commonly  used
ntibiotics were  -lactam  antibiotics,  including
ephalosporins  and  piperacillin,  followed  by ﬂuo-
oquinolones,  and  metronidazole.  This  pattern  of
ntibiotic use  is  different  than  those  reported  in
ther studies  [15,16,22]. In a large  European  study,
enicillins  with  -lactamase  inhibitors  (24%)  were
he most  common  type  of  prescribed  antibiotic
ollowed by  macrolides  (15%),  ﬂuoroquinolones
11%) and  third-generation  cephalosporins  (10%)
15]. A  study  conducted  in  130  US  hospitals  from
ugust 2002  to  July  2003  found  that  the  top
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5  antimicrobial  agents  or  classes  used  in  adult
inpatients were  levoﬂoxacin,  cefazolin,  ceftriax-
one, metronidazole,  and  vancomycin  [22].  In  this
survey, the  broad-spectrum  antibiotics  were  the
most commonly  prescribed  agents,  and  this  result
is similar  to  the  results  of  a  survey  conducted  in
Vietnam  [23].  The  reason  for  these  similarities
might be  that  physicians  fear  inadequate  antibi-
otic coverage.  Moreover,  the  variations  in  the
patterns of  antibiotic  use  between  the  surveyed
hospitals might  be  related  to  regional  diversity  in
the degrees  of  bacterial  resistance,  the  levels  of
guideline  implementation,  the  extents  of  empirical
treatment  and  prescription  habits.
A relatively  high  usage  (98%)  of  parenteral  antibi-
otics  was  observed  in  the  present  study.  In  contrast,
only 33%  of  the  antibiotics  were  prescribed  for
IV administration  in  four  Ireland  regional/general
hospitals,  [16]  and  the  web-based  ESAC  Point
Prevalence Survey  of  2009  found  that  a  mean
of 60.5%  of  antimicrobials  were  administered  via
the parenteral  route  [18]. There  are  numerous
beneﬁts associated  with  timely  conversion  from
intravenous  to  oral  therapy  [24].  However,  many
Chinese  patients  and  even  some  physicians  strongly
believe  that  intravenous  therapy  is  superior  and
more effective  than  oral  administration  [9,25].  Fur-
thermore,  the  overuse  of  injections  might  lead  to
consequent  increases  the  risks  posed  by  unsafe  nee-
dles and  the  medical  staff’s  occupational  exposure,
which  can  increase  the  risk  of  transmission  of  blood-
borne  diseases  [26].  In  one  trial,  physicians  were
found to  have  mostly  changed  their  minds  to  accord
with the  advice  of  pharmacists  on  this  issue,  which
has improved  the  situation  [27].
In China,  inappropriate  antibiotic  use  has
become a  major  public  health  issue  that  is  con-
tributing to  the  rapidly  rising  rates  of  antibiotic
resistance, which  are  already  at  high  levels  [28].
Although  this  serious  problem  has  been  fully  recog-
nized,  and  many  policies  have  been  put  in  place
by the  government,  these  policies  require  strict
adherence,  and  the  changes  are  more  effective
and sustained  only  when  coupled  with  constant
reminders that  are  implemented  in  the  course  of
regular clinical  work  [29].  A  study  conducted  in
China revealed  that  pharmacist  interventions  that
interact directly  with  the  physicians  at  the  ward
level might  play  an  important  role  in  optimizing
antibiotic use  and  thus  lead  to  reductions  in  the
patients’  lengths  of  hospital  stay  and  health  care
costs [27].In the  new  round  of  health  care  reform  that
China initiated  in  2009,  the  Chinese  government
pledged to  increase  investment  in  hospitals,  abolish
the 15%  cap  on  proﬁts  that  paradoxically  increases
A
W
tD.-s.  Xie  et  al.
oth  the  unit  price  paid  and  volume  of  unnecessary
ntibiotics prescribed,  and  continue  to  strengthen
he management  of  antimicrobial  drugs.  The  new
edical  reform  policy  is  being  implemented  step  by
tep, and  further  studies  are  required  to  identify  its
ffects.
This study  has  several  limitations.  First,  we  were
egrettably  unable  to  assess  whether  appropriate
ntibiotic usages  were  applied  to  each  patient  due
o the  burdens  of the  surveys.  Second,  because
ospital participation  was  exclusively  voluntary,
he survey  was  not  intended  to  be  representative.
here is  a  clear  need  to  replicate  this  work  in  all
ypes of  hospitals  and  in  other  parts  of  China.
Despite the  aforementioned  limitations,  our
tudy  provides  insight  into  the  prevalence  of  antibi-
tic use  in  the  Hubei  Province  of China  and  revealed
ome  differences  in  the  patterns  of  antibiotic  com-
ared to  previous  results.  The  ﬁndings  of  the
resent study  highlight  the  importance  of  consid-
ring the  monitoring  of  antibiotic  agents  and  the
alue of antibiotic  policies  in  restricting  the  use
f antibiotic  agents.  A  multi-faceted  strategy  that
ncompasses  education,  regulation,  and  increased
nancial  support  is  needed  at  the  national  level  in
hina.
In conclusion,  this  study  indicated  a  high  rate
f antibiotic  use  in  Chinese  hospitals.  These  ﬁnd-
ngs suggest  important  areas  for  interventions  and
he implementation  of  antibiotic  stewardship  poli-
ies in  Chinese  hospitals.  A  multi-faceted  strategy
hould  be  implemented  at  the  national  level  in
hina and  should  include  education,  regulation,  and
ncreased ﬁnancial  support  from  the  government.
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